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(57) ABSTRACT 

Amethod of fabricating a dual metal gate. Acell region and 
a peripheral region are formed on a substrate, and a ?rst 
dummy gate electrode and a second dummy gate electrode 
are formed on the substrate, respectively, in the cell region 
and in the peripheral region. Apatterned ?rst dielectric layer 
is formed above the substrate, and the layer exposes the 
surfaces of the ?rst dummy gate electrode and the second 
dummy gate electrode. The ?rst dummy gate electrode and 
the second dummy gate electrode are then removed to 
expose the substrate, and an oxide layer is formed on the 
exposed substrate in the peripheral region. A remote plasma 
nitridation step is performed to nitridate the surface of the 
exposed substrate in the cell region and to nitridate the oxide 
layer into a material layer in the peripheral region. Asecond 
dielectric layer and a conducting layer are formed sequen 
tially above the substrate. The conducting layer ?lls up the 
trenches that are formed by removing the ?rst dummy gate 
electrode and the second dummy gate electrode. Apart of the 
second dielectric layer and a part of the conducting layer are 
removed until the surface of the ?rst dielectric layer is 
exposed, and a dual metal gate is completed thereon. 

24 Claims, 4 Drawing Sheets 
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METHOD OF FABRICATING A DUAL 
METAL GATE HAVING TWO DIFFERENT 

GATE DIELECTRIC LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority bene?t of TaiWan 
application serial no. 89107440, ?led Apr. 20, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a method of fabricating 
integrated circuits. More particularly, the present invention 
relates to a method of fabricating a dual metal gate. 

2. Description of Related Art 
In the present semiconductor manufacture processes, the 

integration required for integrated circuits is higher and the 
siZes of ?eld effect transistors (FET) are smaller. When the 
siZe of the ?eld effect transistor is less than 0.1 micron, the 
thickness of the gate oxide layer is less than about 20 
Angstroms, that is, about six to seven layers of silicon oxide 
in a gate silicon oxide layer. Because the gate silicon oxide 
layer is pretty thin, electrons can easily diffuse through the 
gate silicon oxide layer and cause current leakage; 
furthermore, dopants might penetrate the gate silicon oxide 
layer through the defects and cause problems in electrical 
properties. 

The thickness of the gate silicon oxide layer limits the siZe 
of the ?eld effect transistor. In order to solve the problems 
caused by the gate silicon oxide layer, many dielectric 
materials With high dielectric constants are developed. 
These dielectric materials include: Ta2O5, Pb(Zr, Ti)O3 
(PZT) and (Ba, Sr)TiO3 (BST), With dielectric constants of 
about 20—25 for Ta2O5, about 20—60 for BST and about 
600—1000 for PZT. 

HoWever, a dielectric layer With a high dielectric constant 
cannot remain the original high dielectric constant, because 
a native oxide layer that has a loWer dielectric constant is 
formed betWeen the silicon substrate and the dielectric layer. 
This further in?uences the electrical performance of the 
minute transistor formed thereon. 
As the thickness of the gate oxide layer decreases, poly 

depletion becomes more severe. Presently, metal gates 
replace polysilicon gates to prevent poly depletion and to 
reduce parasitic resistance. Moreover, the gate oxide layer in 
the peripheral region must be thicker than the gate oxide 
layer in the cell region, in order to increase breakdoWn 
voltage for outside circuit connections. In order to use 
dielectric materials With high dielectric constants for gate 
oxide layers in the metal gates, many difficulties must be 
overcome to achieve different thickness requirements for 
gate oxide layers in the cell region and the peripheral region 
and to increase the effective thickness of gate oxide layers 
for the high-integration IC manufacture process. 

SUMMARY OF THE INVENTION 

The invention provides a method of fabricating a dual 
metal gate. A substrate containing a cell region and a 
peripheral region is provided and a ?rst dummy gate elec 
trode and a second dummy gate electrode are formed on the 
substrate, respectively, in the cell region and in the periph 
eral region. BeloW the sideWalls of the ?rst dummy gate 
electrode and the second dummy gate electrode, source/ 
drains are formed in the substrate. Apatterned ?rst dielectric 
layer is formed above the substrate, and the layer exposes 
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2 
the surfaces of the ?rst dummy gate electrode and the second 
dummy gate electrode. The ?rst dummy gate electrode and 
the second dummy gate electrode are then removed to 
expose the substrate and an oxide layer is formed on the 
exposed substrate in the peripheral region. A remote plasma 
nitridation (RPN) step is performed to nitridate the surface 
of the exposed substrate in the cell region and to nitridate the 
oxide layer into a material layer in the peripheral region. A 
conformal second dielectric layer is formed above the sub 
strate. Aconducting layer is formed on the second dielectric 
layer and ?lls up trenches that are formed by removing the 
?rst dummy gate electrode and the second dummy gate 
electrode. Apart of the second dielectric layer and a part of 
the conducting layer are removed until the surface of the ?rst 
dielectric layer is exposed and a dual metal gate is completed 
thereon. 
As embodied and broadly described herein, the RPN step 

is performed in an environment full of ammonia plasma or 
nitrogen plasma, at a temperature of about 500—800 degrees 
Centigrade, With a pressure less than 30 Torr, a plasma 
operation poWer of about 1000—5000 Watts and for a dura 
tion of about 30—90 seconds. Furthermore, metal silicides 
are formed on source/drains. 

In this invention, a nitridation step is performed to nitri 
date the surfaces of the substrate and the surface of the oxide 
layer that are exposed by the trenches; therefore, the gate 
dielectric layer that is subsequently formed can maintain a 
higher dielectric constant. Moreover, gate dielectric layers 
of different thicknesses are formed respectively in the cell 
region and in the peripheral region (the effective thickness of 
the gate dielectric layer in the cell region is the sum of the 
thicknesses of the dielectric layer and the nitride layer, While 
the effective thickness of the gate dielectric layer in the 
peripheral region is the sum of the thicknesses of the 
dielectric layer and the material layer). Thus, this satis?es 
the requirement for a higher breakdoWn voltage in the 
peripheral region. 

In this invention, metal gate layers are formed after metal 
silicide layers are formed on the source/drains; hence, the 
thermal budget of the manufacture process is reduced. The 
manufacture process of this invention is compatible With the 
prior art manufacture process for the gate dielectric layer; 
therefore, the manufacture processes can easily be inte 
grated. In this invention, metal gate layers are formed after 
the source/drains are formed; therefore, the heat diffusion in 
the thermal process for forming source/drains does not result 
in contamination in the metal gate layers. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are 
exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this speci?cation. The draWings 
illustrate embodiments of the invention and, together With 
the description, serve to explain the principles of the inven 
tion. In the draWings, 

FIGS. 1A to 1G are schematic, cross-sectional vieWs 
illustrating the processes for fabricating a dual metal gate 
according to one preferred embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1A, a substrate 100 is provided. The 
substrate is, for example, a semiconductor silicon substrate. 
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Substrate 100 contains a cell region 100a and a peripheral 
region 100b. In cell region 100a, a dummy gate electrode 
102a is formed on substrate 100; a spacer 104a is formed on 
the sideWalls of dummy gate electrode 102a; a source/drain 
106a is formed in substrate 100 beside spacer 104a and a 
metal silicide layer 108a is formed on source/drain 106a. In 
cell region 100b, a dummy gate electrode 102b is formed on 
substrate 100; a spacer 104b is formed on the sideWalls of 
dummy gate electrode 102b; a source/drain 106b is formed 
in substrate 100 beside spacer 104b and a metal silicide layer 
108b is formed on source/drain 106b. 
A planariZed dielectric layer 110 is formed above sub 

strate 100, exposing the surfaces of dummy gate electrodes 
102a, 102b. The step for forming dielectric layer 110 com 
prises forming a dielectric layer (not shoWn here) made of, 
for example, silicon oxide, above substrate 100 and remov 
ing a part of dielectric layer by, for example, chemical 
mechanical polishing, until the surfaces of the dummy gate 
electrodes are exposed. 

Referring to FIG. 1B, dummy gate electrodes 102a, 102b 
are removed to form trenches 112a and 112b in cell region 
100a and peripheral region 100b, respectively. An oxidation 
step is performed to form oxide layers 114a and 114b, 
respectively, in trenches 112a and 112b on exposed substrate 
100. The oxidation step comprises a rapid thermal process in 
an environment full of oxygen, N20 and NO, at a tempera 
ture of about 600—900 degrees Centigrade for a duration of 
about 5—60 seconds. Oxide layers 114a and 114b are formed 
thereon With a thickness of less than 15 Angstroms. 

Referring to FIG. 1C, a patterned photoresist layer 116 is 
formed above substrate 100 to cover peripheral region 100b. 
Patterned photoresist layer 116 does not cover cell region 
100a, and oxide layer 114a inside trench 112a is exposed. 
Oxide layer 114a is removed to expose the surface of 
substrate 100 by, for example, Wet etching With a solution 
containing hydrogen ?uoride. 

Referring to FIG. 1D, photoresist layer 116 is removed to 
expose oxide layer 114b inside trench 112b in peripheral 
region 100b. A nitridation step is performed to nitridate the 
surface of oxide layer 114b into a material layer 114c in 
trench 112b and to form a nitride layer 118 on the surface of 
substrate 100 in trench 112a. Material layer 114c has a 
thickness less than 20 Angstroms, and nitride layer 118 has 
a thickness less than 10 Angstroms. A preferable process for 
the nitridation step is RPN. RPN is performed in an envi 
ronment full of ammonia plasma or nitrogen plasma, at a 
temperature of about 500—800 degrees Centigrade, With a 
pressure less than 30 Torr, a plasma operation poWer of 
about 1000—5000 Watts and for a duration of about 30—90 
seconds. RPN is performed to nitridate silicon atoms on the 
surfaces of substrate 100 in trench 112a and of oxide layer 
114b in trench 112b into silicon nitride or silicon-oxynitride. 

Referring to FIG. 1E, a conformal dielectric layer 120 is 
formed as a gate dielectric layer. Dielectric layer 120 con 
sists of a material With a high dielectric constant, such as, 
silicon nitride, Ta2O5, Ta2_XTiXO5 or titanium nitride, 
formed by chemical vapor deposition (CVD). 

Because dielectric layer 120 has a high dielectric constant, 
the effective thickness of dielectric layer 120 is greater. 
Therefore, the prior art problems that are caused by an 
overly thin gate oxide layer, such as current leakage in the 
gate and boron penetration, can be solved. 

Before dielectric layer 120 is formed, the nitridation step 
is performed to nitridate the surfaces of substrate 100 and 
oxide layer 114b to form nitride layer 118 in trench 112a and 
material layer 114c in trench 112b, respectively. Therefore, 

10 

15 

25 

35 

45 

55 

65 

4 
native oxide layers are prevented from forming on the 
surfaces of substrate 100 and oxide layer 114b. This further 
maintains the dielectric constant and the effective thickness 
of dielectric layer 120 formed thereon. 

Oxide layer 114a inside trench 112a in cell region 100a is 
removed before forming dielectric layer 120; therefore, the 
thickness of dielectric layer 120 and the thickness of nitride 
layer 118 add up to the effective thickness of the gate 
dielectric layer in cell region 100a. On the other hand, the 
thickness of dielectric layer 120 and the thickness of mate 
rial layer 114c add up to the effective thickness of the gate 
dielectric layer in peripheral region 100b. Consequently, the 
effective thickness of the gate oxide layer in cell region 100a 
is less than the effective thickness of the gate oxide layer in 
peripheral region 100b, Which satis?es the requirement of 
higher breakdoWn voltage for the peripheral region to con 
nect With outside circuits as an input/output. 

Referring to FIG. 1F, after dielectric layer 120 is formed, 
a conformal barrier layer 122 and a conducting layer 124 are 
formed sequentially on substrate 100. Conducting layer 124 
?lls up trenches 112a and 112b. Barrier layer 122 protects 
underlying dielectric layer 120 from contacting the conduct 
ing material When conducting layer 124 is later formed. A 
material for barrier layer 122 comprises titanium nitride, 
tantalum nitride or tungsten nitride and is formed by sput 
tering. Conducting layer 124 is, for example, a tungsten 
metal layer that is formed by sputtering. 

Referring to FIG. 1G, a part of dielectric layer 120, barrier 
layer 122 and conducting layer 124 are removed until the 
surface of dielectric layer 110 is exposed. A gate 126a that 
includes a dielectric layer 120a, a barrier layer 122a, a metal 
gate layer 124a and nitride layer 118 is formed thereon in 
cell region 100a. A gate 126b that includes a dielectric layer 
120b, a barrier layer 122b, a metal gate layer 124b and 
material layer 114c is formed thereon in peripheral region 
100b. 

Metal silicide layers 108a and 108b are formed respec 
tively on source/drains 106a and 106b before metal gate 
layers 124a and 124b are formed; therefore, the thermal 
budget of the manufacture process can be reduced. Metal 
gate layers 124a and 124b are formed after source/drains 
106a and 106b are formed; therefore, the heat diffusion in 
the thermal process for forming source/drains 106a and 
106b does not result in contamination in metal gate layers 
124a and 124b. 

As described broadly herein, this invention has the fol 
loWing advantages: 

1. In this invention, a nitridation step is performed to 
nitridate the surfaces of the substrate and the surface of the 
oxide layer that are exposed by the trenches; therefore, the 
gate dielectric layer subsequently formed can maintain a 
higher dielectric constant. 

2. In this invention, gate dielectric layers of different 
thicknesses are formed respectively in the cell region and in 
the peripheral region, so the requirement for a higher break 
doWn voltage in the peripheral region is satis?ed. 

3. In this invention, metal gate layers are formed after 
metal silicide layers are formed on the source/drains; hence, 
the thermal budget of the manufacture process is reduced. 

4. The manufacture process of this invention is compat 
ible With the prior art manufacture process for the gate 
dielectric layer; therefore, the manufacture processes can 
easily be integrated. 

5. In this invention, metal gate layers are formed after 
source/drains are formed; therefore, the heat diffusion in the 
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thermal process for forming source/drains does not result in 
contamination in the metal gate layers. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made to the structure of 
the present invention Without departing from the scope or 
spirit of the invention. In vieW of the foregoing, it is intended 
that the present invention cover modi?cations and variations 
of this invention provided they fall Within the scope of the 
folloWing claims and their equivalents. 
What is claimed is: 
1. A method of fabricating a dual metal gate, comprising: 
forming a cell region and a peripheral region in a provided 

substrate, Wherein a ?rst dummy gate electrode and a 
second dummy gate electrode are formed on the 
substrate, respectively, in the cell region and in the 
peripheral region, and source/drains are formed in the 
substrate beloW the sideWalls of the ?rst dummy gate 
electrode and the second dummy gate electrode; 

forming a patterned ?rst dielectric layer above the 
substrate, Which layer exposes surfaces of the ?rst 
dummy gate electrode and the second dummy gate 
electrode; 

removing the ?rst dummy gate electrode and the second 
dummy gate electrode to expose the substrate; 

forming an oxide layer on the exposed substrate in the 
peripheral region; 

performing a remote plasma nitridation step to nitridate 
the surface of the oxide layer into a material layer in the 
peripheral region and to nitridate the exposed surface of 
the substrate in the cell region; 

forming a conformal second dielectric layer above the 
substrate; 

forming a conducting layer on the second dielectric layer, 
Wherein the conducting layer ?lls up trenches that are 
formed by removing the ?rst dummy gate electrode and 
the second dummy gate electrode; and 

removing a part of the second dielectric layer and a part 
of the conducting layer until the surface of the ?rst 
dielectric layer is exposed. 

2. The method as claimed in claim 1, Wherein the remote 
plasma nitridation step is performed at a temperature of 
about 500 to about 800 degrees Centigrade, With a pressure 
less than 30 Torr and for a duration of about 30 to about 90 
seconds. 

3. The method as claimed in claim 1, Wherein a plasma 
used in the remote plasma nitridation step comprises an 
ammonia plasma performed With an operation poWer of 
about 1000 to about 5000 Watts. 

4. The method as claimed in claim 1, Wherein a plasma 
used in the remote plasma nitridation step comprises a 
nitrogen plasma performed With an operation poWer of about 
1000 to about 5000 Watts. 

5. The method as claimed in claim 1, Wherein the step for 
forming the second dielectric layer comprises chemical 
vapor deposition. 

6. The method as claimed in claim 1, Wherein the dielec 
tric constant of the second dielectric layer is larger than the 
dielectric constant of silicon oxide. 

7. The method as claimed in claim 1, Wherein a material 
for the second dielectric layer comprises a material selected 
from the group consisting of silicon nitride, tantalum oxide, 
Ta2_XTiXO5 and titanium nitride. 

8. The method as claimed in claim 1, Wherein the step for 
forming the oxide layer is performed at a temperature of 
about 600 to about 900 degrees Centigrade, With a duration 
of about 5 to about 60 seconds. 

9. The method as claimed in claim 1, comprising a metal 
silicide being formed on the source/drain. 
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10. The method as claimed in claim 1, comprising a 

barrier layer being formed on the second dielectric layer 
before formation of the conducting layer. 

11. The method as claimed in claim 1, Wherein a material 
for the conducting layer comprises tungsten metal. 

12. A method of fabricating a dual metal gate, Wherein a 
substrate containing a cell region and a peripheral region is 
provided, a ?rst dielectric layer being formed above the 
substrate and exposing a ?rst trench and a second trench 
inside the substrate respectively in the cell region and in the 
peripheral region, and source/drains being formed, 
respectively, in the substrate beloW sideWalls of the ?rst 
trench and the second trench, the method comprising: 

forming an oxide layer on the substrate exposed by the 
second trench; 

performing a nitridation step to nitridate the exposed 
surface of the substrate in the ?rst trench and the 
surface of the oxide layer in the second trench; 

forming a conformal second dielectric layer above the 
substrate; 

forming a conducting layer on the second dielectric layer, 
Wherein the conducting layer ?lls up the ?rst trench and 
the second trench; and 

removing a part of the second dielectric layer and a part 
of the conducting layer until the surface of the ?rst 
dielectric layer is exposed. 

13. The method as claimed in claim 12, Wherein the 
nitridation step comprises a remote plasma nitridation step. 

14. The method as claimed in claim 13, Wherein the 
remote plasma nitridation step is performed at a temperature 
of about 500 to about 800 degrees Centigrade, With a 
pressure less than 30 Torr and for a duration of about 30 to 
about 90 seconds. 

15. The method as claimed in claim 13, Wherein a plasma 
used in the remote plasma nitridation step comprises an 
ammonia plasma. 

16. The method as claimed in claim 15, Wherein the 
ammonia plasma used in the remote plasma nitridation step 
is performed With an operation poWer of about 1000 to about 
5000 Watts. 

17. The method as claimed in claim 13, Wherein a plasma 
used in the remote plasma nitridation step comprises a 
nitrogen plasma. 

18. The method as claimed in claim 17, Wherein the 
nitrogen plasma used in the remote plasma nitridation step 
is performed With an operation poWer of about 1000 to about 
5000 Watts. 

19. The method as claimed in claim 12, Wherein the step 
for forming the second dielectric layer comprises chemical 
vapor deposition. 

20. The method as claimed in claim 12, Wherein the 
dielectric constant of the second dielectric layer is larger 
than the dielectric constant of silicon oxide. 

21. The method as claimed in claim 12, Wherein a material 
for the second dielectric layer comprises a material selected 
from the group consisting of silicon nitride, tantalum oxide, 
Ta2_XTiXO5 and titanium nitride. 

22. The method as claimed in claim 12, Wherein the step 
for forming the oxide layer is performed at a temperature of 
about 600 to about 900 degrees Centigrade, With a duration 
of about 5 to about 60 seconds. 

23. The method as claimed in claim 12, comprising a 
barrier layer being formed on the second dielectric layer 
before formation of the conducting layer. 

24. The method as claimed in claim 12, Wherein a material 
for the conducting layer comprises tungsten metal. 

* * * * * 


